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Chapter-19
Infrared spectroscopy
(Bond Parameter & Hybridization)

Arijit Das

IR absorption frequency depends on bond properties or bond parameter. Bond strength,
masses of the bonded atoms and hybridization state affect the infrared absorption
frequency as follows:

1. Bond multiplicity: Bond multiplicity of homonuclei species is directly proportional to IR

absorption frequency (higher frequency or higher wave number cm™).

i.e. Bond multiplicity of homonuclei species a IR absorption frequency

Eg. C=C (2150 cm™) > C=C (1650 cm™) > C-C (1200 cm™). Thus Triple bonds (=) are stronger than
double bonds (=) over single (-) bond.

2. Masses of the bonded atoms: Masses of the bonded atoms are inversely proportional to
the IR absorption Frequency.

i.e. Masses of the bonded atoms a 1/ IR absorption frequency
Eg. The C-H stretch occurs at about 3000cm™. As the atom bonded to carbon increases in mass

(i.e.atomic weight) then the frequency of vibration decreases (wave numbers cm™ get smaller).

C-H (3000cm™)>C-C (1200cm™)=>C-0 (1100cm™)>C-Cl (750cm™)>C-Br (600cm™)>C-I (500 cm™)
(At.wt.H -1.008 C-12.01 0-15.99 C1-35.45 Br-79.90 1-126.9)

3. Hybridization: Hybridization affects the IR absorption frequency. With increasing
power of the hybridization state (Py,,), IR absorption frequency decreases.

i.e. Power of the hybridization state a 1/ IR absorption Frequency
Eg. Bonds are stronger is in the order sp (Puyp=1) > sp” (Puyp=2) > sp (Puyp= 3). Thus IR
absorption frequency follows the order

=C-H (Puyp=1, sp, 3300cm™) >=C-H (Py,,= 2, sp’, 3100cm™) >-C-H (Pyy=3, sp’, 2900cm’™)
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Related Questions:

Q.1. Arrange the following into their decreasing order of infrared absorption frequency (cm 7
i) CH3-CH3, CH,=CH,, CH=CH

ii) C-Cl, C-1, C-Br

iii) C-H, C-0, C-C

iv) =C-H, -C-H, =C-H

Q.2. Which one of the following will have higher IR absorption frequency (cm )

a. C-O b. C-C c. C-Cl d. C-Br
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